Glutamine synthetase (GS) expression increases dramatically during adipocyte differentiation of confluent 3T3-L1 cells. To identify differentiation-responsive cis-acting elements in the GS gene, several GS fusion genes were prepared and analyzed in stably transfected 3T3-L1 cells under conditions that trigger adipocyte differentiation. We find that the GS proximal 5′-flanking sequence lacks the regulatory elements required for differentiation-responsive expression. In contrast, a 2 kb intron 1 restriction fragment fused upstream of a heterologous promoter does drive reporter gene expression during hormone-triggered differentiation. The enhancer activity was localized to a 310 bp sequence near the middle of intron 1. Expression of fusion genes that include this 310 bp sequence does not temporally coincide with native gene expression. However, a composite gene that includes a far upstream GS sequence and the 2 kb intron 1 sequence yields a qualitatively different pattern of expression that closely resembles that of the native GS gene. The far upstream sequence alone exhibits no enhancer activity. Electrophoretic mobility shift analyses indicate that a 32 bp sequence within the 310 bp functional enhancer specifically binds differentiation-associated nuclear proteins. Although a C/EBP consensus sequence occurs in the 32 bp fragment, supershift analyses exclude C/EBP isoforms as the binding factor. In contrast, mutational analysis of the putative enhancer suggests that an HNF-3 isoform is involved. Thus our data indicate that elements in the distal 5′-flanking sequence and the first intron function cooperatively to regulate GS transcription and that HNF-3 may participate in that regulation.
INTRODUCTION
Glutamine synthetase (GS) exhibits a complex pattern of expression. While it is widely distributed among adult mammalian tissues, the activity is greatest in adipose tissue, liver, brain and kidney. GS mRNA is uniformly distributed in adipose tissue, where it is most abundant, and in heart, spleen and skeletal muscle (1) . GS mRNA is localized to highly specialized cells in liver (pericentral hepatocytes), brain (astrocytes) and kidney (proximal tubular epithelium) (1, 2) . During hormone-induced adipocyte differentiation of cultured 3T3-L1 cells GS specific activity, cellular content and mRNA abundance increase by >100-fold (3) (4) (5) (6) (7) (8) (9) .
Three regulatory regions that participate in controlling GS expression in hepatocytes have recently been identified. One, located in the 5′-portion of the first GS intron, significantly increases reporter gene expression in transiently transfected HepG2 cells (10) . A second region, from the middle of the first intron, is capable of stimulating reporter gene expression in primary cultures of rat pericentral and periportal hepatocytes (11) . The third region is located ∼2500 bp upstream of the transcription start site. In transgenic animals the upstream region, in concert with the GS promoter, confers a pattern of reporter gene expression that resembles endogenous GS gene expression in hepatocytes after the perinatal period (12) . In contrast to the situation in hepatocytes, the mechanisms controlling GS expression during adipocyte differentiation remain poorly understood.
In this communication we report that the GS proximal 5′-flanking sequence (nt -2000 to +100) lacks regulatory elements required for differentiation-responsive transcription. [Differentiationresponsive transcription is gene transcription that is regulated by trans-acting factors that change in abundance or activity during differentiation. Differentiation response elements are cis-acting elements that mediate the actions of such transcription factors. The terms are intended to be descriptive and imply nothing about mechanism. Differentiation-associated changes in transcription may result, in part, as direct or indirect consequences of hormone action. However, hormone action (DMI) without differentiation does not yield changes comparable with those that occur during differentiation.] In contrast, a 2 kb intron 1 fragment fused upstream of the minimal HSV tk promoter yielded a differentiation-associated increase in reporter gene expression. This functional enhancer activity was further localized to a 310 bp sequence near the middle of intron 1. Intron 1 fusion genes that include this 310 bp sequence exhibited expression that did not temporally coincide with native gene expression. However, a composite fusion gene composed of a far upstream sequence (-5 to -2 kb) and the 2 kb intron 1 enhancer fused to HSV tk-CAT yielded a pattern of expression that closely resembled that of the native gene. In the absence of the intron 1 element the far upstream sequence alone lacked enhancer activity. Electrophoretic mobility shift analyses indicate that a 32 bp sequence of the 310 bp functional enhancer binds adipocyte-specific nuclear proteins.
MATERIALS AND METHODS

Materials
Swiss mouse 3T3-L1 cells were generously provided for our use by Dr Howard Green. pGS1 and GS43 were provided by Drs C.Frank Kuo and James E.Darnell. pGS1 contains a BamHIHindIII fragment representing 2000 bp of the mouse GS gene 5′-flanking sequence plus most of exon 1 cloned into pBS SK+. This sequence extends from nt -2000 to +100 with respect to the GS transcription start site. GS43 is a full-length mouse GS cDNA. Additional GS genomic clones were selected from a mouse genomic library obtained from Clontech (Palo Alto, CA). The pUC18-derived CAT vectors pBLCAT2 (with a minimal HSV tk promoter) and pBLCAT3 (promoterless) were provided by Dr Gunther Schutz (13) . The 36B4 cDNA was obtained from the American Type Culture Collection (ATCC). Anti-C/EBP antiserum and the authentic C/EBP probe (5′-TGCAGATTGCG-CAATCTGCA-3′) were from Santa Cruz Biotechnology Inc. This antiserum is directed against C/EBP β, but cross-reacts with C/EBP α, β, δ and CRP-1 (Dr Renee D.White, personal communication). Purified 13 kDa C/EBPβ was provided for our use by Dr Zhaodan Cao.
Cultured cells
3T3-L1 preadipocytes were grown and maintained as described previously (3, 6) . Adipocyte differentiation was triggered by incubation of confluent cells for 3 days (Day -3 to Day 0) with 1 µM DMI (dexamethasone, 0.5 mM methylisobutylxanthine, 0.17 µM insulin) and 7% fetal calf serum. Thereafter cultures were maintained in Dulbecco's modified Eagle's medium containing 7% calf serum and no other additions. Phenotypic adipocyte differentiation was nearly complete 18-36 h after withdrawal of DMI. Cultures maintained in medium lacking added DMI retained the preadipocyte phenotype. For analysis of GS and CAT activities, cultures were washed twice with phosphate-buffered saline and scraped into 1 ml buffer (10 mM Tris, pH 7.5, 1 mM EDTA and 150 mM NaCl) and samples stored at -70_C.
Northern hybridization analysis
Total RNA was prepared by extraction of cell monolayers with Trizol reagent (14) . Northern hybridization analysis was performed by standard methods (15) . The Northern blot was hybridized sequentially with GS and 36B4 probes and analyzed using a Molecular Dynamics Storm 860 phosphorimager. 36B4 encodes an acidic ribosomal phosphoprotein PO that does not change in abundance during adipocyte differentiation (16, 17) . 
Preparation of expression vectors and construction of GS-CAT fusion genes
The pBLCAT2 and pBLCAT3 vectors, derived from pUC18, include an AP1 binding site ∼360 bp upstream of the 5′-end of the polylinker (18) . pBLCAT2.0 (including a minimal HSV tk promoter) and pBLCAT3.0 (promoterless), pBLCAT derivatives from which we deleted the AP1 sites, were used for construction of all fusion genes (Fig. 1) . Fusion gene B was obtained by cloning a 2 kb BamHI-XhoI fragment from pGS1 into pBLCAT3.0. This genomic fragment extends from nt -2000 to +100 with respect to the GS transcription start site.
In order to obtain DNA sequences from the first GS intron, a 3.8 kb EcoRI fragment representing GS sequences from -0.8 kb to +3 kb was isolated from a λ genomic clone. This fragment, which includes 0.8 kb of 5′-flanking sequence, all of exon 1 and nearly all of intron 1, was inserted into pBluescript to produce pGSeco. A 2 kb BamHI fragment of pGSeco was cloned into pBLCAT2.0 (fusion gene C). This fragment represents GS sequences from nt +1000 to +3000. HindIII digestion of fusion gene C released a 1 kb fragment from the plasmid, leaving 1 kb of GS sequence in the linearized vector. The latter was ligated to obtain fusion gene D. The 1 kb fragment released by HindIII digestion of fusion gene C was cloned into pBLCAT2.0 to yield fusion gene E. XbaI digestion of fusion gene C yielded three DNA fragments, the largest of which was composed of the pBLCAT2.0 vector and 1.5 kb of GS sequence extending from nt +1500 to +3000. This fragment was isolated and ligated to yield fusion gene F. A 1 kb BglII fragment from pGSeco was cloned into pBLCAT2.0 and is designated fusion gene G. This fragment represents GS sequences from nt +800 to +1800. A SacI-EcoRI fragment representing GS sequences from nt +2700 to +3000 was cloned into pBluescript. Digestion of this construct with BamHI released the insert, which was then cloned into pBLCAT2.0 to yield fusion gene H. A 0.5 kb fragment generated by digestion of pGSeco with BglII was inserted into pBLCAT2.0. Clones representing both insert orientations were obtained (fusion genes I and J). The GS sequence in these fusion genes is derived from nt +1800 to +2300.
There is an XbaI site in the pBLCAT polylinker immediately upstream of sequence G. Thus, fusion gene K was derived from fusion gene G by digestion with XbaI. The DNA fragment consisting of plasmid plus GS sequences from nt +1600 to +1900 was isolated and ligated. XbaI digestion of fusion gene C released two fragments of 0.3-0.4 kb. The larger fragment extends from nt +1200 to +1500 on the GS map and was cloned into pBLCAT2.0 to yield fusion gene L. The smaller fragment extends from nt +1000 to +1200 and has one XbaI site derived from the pBLCAT2.0 vector. Fusion gene M was obtained by cloning this fragment into pBLCAT2.0. A SalI-BamHI fragment from a λ genomic clone was inserted into pBLCAT2.0 (fusion gene N). This clone bears GS sequences from nt -5000 to -2000. Composite fusion gene O was obtained by inserting the 2 kb BamHI fragment from fusion gene C into fusion gene N DNA. Thus, fusion gene O has GS sequences derived from the far upstream region and from the first intron.
Stable transfection of 3T3-L1 cells
Stable transfections were performed using Polybrene (hexadimethrine bromide) followed by dimethylsulfoxide shock (15, 19) . In all cases cells were co-transfected with the indicated plasmid and pSV2neo. Stable transfectants were selected in medium containing 0.8 mg/ml G418. In order to minimize the effect of copy number and genomic integration site, pooled transfectants rather than individual clones were used. Fusion genes were analyzed in stably transfected 3T3-L1 cells under control conditions and under conditions designed to rapidly trigger adipocyte differentiation. Transfection of 3T3-L1 cells did not alter morphological adipocyte differentiation or expression of the native GS or glycerol 3-phosphate dehydrogenase (G3PD) genes.
Enzyme assays
CAT activity in heated (60_C for 10 min.), clarified cell lysate was estimated at 37_C from the rate of production of butyrylated [ 3 H]chloramphenicol from [ 3 H]chloramphenicol and butyrylCoA (20) . Reactions were terminated by addition of a 60-fold excess of unlabeled chloramphenicol followed by extraction of the product with mixed xylene isomers. Glutamine synthetase γ-glutamyltransferase activity and G3PD activity were estimated as previously described (6, 8) . Soluble protein was assayed by the Lowry method with bovine serum albumin as standard. Enzyme activities are the average for duplicate cultures unless otherwise indicated. 
Protein-DNA interactions
Electrophoretic mobility shift analyses (EMSA) were performed essentially as described by Chodosh et al. (21) . Probes were generated by restriction digestion, PCR or annealing of synthetic, complementary oligonucleotides and end-labeled with T4 polynucleotide kinase or the Klenow fragment of DNA polymerase I. Where indicated, unlabeled competitor oligonucleotides were added prior to addition of labeled probe. Radiolabeled probes were incubated for 20 min at room temperature with or without 10 µg nuclear extract and with 1 µg poly(dI·dC) in a final volume of 20 µl. Samples were subjected to electrophoresis through a non-denaturing 5% polyacrylamide gel in 0.25× TBE and visualized by phosphorimaging. For gel supershift analyses nucleoprotein complexes were allowed to form at room temperature for 20 min. Anti-C/EBP antiserum was then added and the mixture was incubated for 40 min at room temperature before electrophoresis as described above.
RESULTS
GS mRNA abundance during adipocyte differentiation of 3T3-L1 cells
Total RNA isolated from 3T3-L1 cells before and during adipocyte differentiation was subjected to Northern hybridization with a GS cDNA probe and then with a 36B4 cDNA probe (Fig. 2) . The GS gene encodes two mRNAs of 2.8 and 1.4 kb that differ exclusively in the presence or absence of a 1.4 kb 3′-untranslated sequence that results from alternative processing of the primary transcript (1) . GS mRNA abundance begins to increase during the triggering of differentiation and the increase becomes more dramatic on the day of withdrawal of inducers (Day 0), concurrent with the sharp rise in GS activity (see Fig. 5 ) and acquisition of the adipocyte phenotype. GS mRNA remains undetectable in confluent 3T3-L1 cells that were not triggered to differentiate (data not shown). The abundance of 36B4 mRNA differed by <2.5-fold among all samples. Normalization of GS mRNA to 36B4 mRNA indicates that the large changes in GS mRNA detected during adipocyte differentiation reflect changes in GS mRNA abundance. (Fig. 1) . Gene C is composed of the 2 kb intron 1 fragment fused to HSV tk-CAT. Closed circles, cells triggered to differentiate with DMI; open circles, untreated cells.
Analysis of the proximal 5′-flanking sequence
Functional analyses of the 5′-flanking sequence and exon 1 were initially confounded by the presence of a cryptic AP1 enhancer in the promoterless vector pBLCAT3 (18) . The same problem was encountered with pBLCAT2. When analyses were performed with pBLCAT3.0 or pBLCAT2.0 neither the promoterless CAT reporter gene in pBLCAT3.0 nor the heterologous HSV tk promoter in pBLCAT2.0 yielded CAT activity in transfected 3T3-L1 cells before, during or after differentiation (not shown). Although pBLCAT3.0 with the nt -2000 to +100 GS sequence upstream of promoterless CAT expressed a low level of activity in control and DMI-treated cells, expression did not change substantially during differentiation (Fig. 3A) . Thus it appears that little, if any, adipocyte-specific enhancer activity resides in the proximal GS 5′-flanking sequence.
Analysis of the first intron
Since 2 kb of the GS 5′-flanking sequence exhibited little, if any, differentiation-associated transcriptional activity, effort was next focused on analyzing intron 1. This revealed a differentiationresponsive element near the middle of the intron. Sequences tested in fusion genes are diagramed in Figure 1 . As shown in Figure 3B , sequence C fused upstream of the heterologous HSV tk promoter yielded substantial reporter gene activity in DMItreated cells but not in untreated cells. Similar analyses were performed with sequences D-M. In all cases the qualitative pattern of expression exhibited by sequence C (Fig. 3B ) was repeated when the tested sequence included the 310 bp sequence K in either orientation (data for fusion genes F, G, H, J, K and L are shown in Fig. 4 ; data for D, E, I and M are not shown). When sequence K was not represented in the tested sequence there was no fusion gene response to incubation with DMI (data for H, J and L shown in Fig. 4 ; data for E, I and M not shown). This strongly suggested the presence of a differentiation-responsive element in sequence K. However, the time course for expression of fusion genes that include sequence K did not mimic that observed for the native gene. In response to DMI, expression of these fusion genes increased promptly, then declined at a time when expression of the native gene began to increase markedly. This disparity led us to consider the possibility that intron 1 fusion genes lack sufficient regulatory elements required to mimic native gene transcription. 
A regulatory element in the distal 5′-flanking sequence
To identify additional regulatory elements in the GS gene, the distal 5′-flanking sequence (-5 to -2 kb) was analyzed alone (Fig. 1N ) or in combination with the 2 kb intron 1 fragment (Fig. 1O) . In each case the GS sequences were fused upstream of the HSV tk-CAT reporter. The distal GS 5′-flanking sequence alone lacked enhancer activity (data not shown). In contrast, the composite fusion gene was expressed in a manner comparable with that observed for the native GS gene after withdrawal of DMI (Fig. 5) . However, prior to withdrawal of DMI expression of the composite gene resembled that of fusion genes that include sequence K (i.e. C, D, F or G) without the far upstream sequence (Fig. 3B) . The early component of gene O expression (on Days -2 and -1) reached ∼25% of maximal CAT expression achieved on Days +3 to +5. Morphological adipocyte differentiation (not shown) and GS activity (Fig. 5) were unaffected by the presence of the transfected fusion genes. These data clearly demonstrate a remarkable parallel between the rise in GS activity and fusion gene O expression after withdrawal of differentiation inducers. Thus an important regulatory element required for the native pattern of GS expression appears to reside in the distal 5′-flanking sequence.
GS-CAT fusion gene expression in 3T3-C2 cells
To assess the role of 'hormones' (DMI) as compared with differentiation on fusion gene expression we simultaneously analyzed 3T3-L1 and 3T3-C2 cells stably transfected with fusion gene C. 3T3-C2 cells were derived from the same parent cell line as 3T3-L1 but differentiate into adipocytes at a frequency that approaches zero (8) . As shown in Figure 6A , the magnitude of CAT expression in DMI-treated 3T3-C2 cells was considerably less than that for DMI-treated 3T3-L1 cells. On Day -1 CAT activity was >13-fold higher in 3T3-L1 cells than in similarly treated 3T3-C2 cells. However, by Day +2 this difference had declined to ∼2-fold. The relative lack of DMI responsiveness in 3T3-C2 cells might result from inefficient coupling between receptors and corresponding effector systems. Nevertheless, hormone-triggered adipocyte differentiation appears to be associated with a marked increase in expression of the native GS gene as well as certain GS-CAT fusion genes. In contrast, 3T3-C2 cells incubated with the same hormones fail to differentiate and exhibit only a modest increase in GS gene expression (Fig. 6B ) and no increase in the differentiation marker G3PD (Fig. 6C) .
Thus hormone action appears to be necessary but not sufficient to trigger the marked differentiation-associated increase in GS fusion gene expression.
To ascertain which 'hormones' are required to maximally trigger GS expression during adipocyte differentiation we incubated confluent 3T3-L1 cells with all combinations of dexamethasone (D), methylisobutylxanthine (M) and insulin (I) (data not shown). In all cases 7% fetal calf serum was included Figure 7 . Gel mobility shift assay of DNA fragments from fusion gene K. Assays were performed with nuclear extract from 3T3-L1 cells and three DNA probes (A, XS87; B, SM146; C, MS77) that constitute the entire K sequence from intron 1. Radiolabeled probes were incubated with poly(dI·dC) and with or without nuclear extract. Samples were subjected to electrophoresis through a non-denaturing polyacrylamide gel and visualized by phosphorimaging (Materials and Methods). Each probe was incubated with different sources of nuclear extracts. N, no nuclear extract; Day -3, nuclear extract from confluent preadipocytes; Days -2, 0 and +2, nuclear extract from DMI-treated cells on the indicated day. in the culture medium during induction of differentiation (Day -3 to Day 0). We found that relative expression of the native GS gene (enzyme activity) during differentiation was maximal (100%) with DMI, 87% with DM, 26% with DI and 9% with D alone. All other combinations (i.e. fetal calf serum alone, I, IM and M) yielded undetectable GS activity.
Protein binding to the putative intron 1 transcriptional regulatory element
EMSAs were initially performed with three fragments of the 310 bp intron 1 XbaI-BglII sequence (Fig. 1K ) that contains the differentiation-responsive functional enhancer. The contiguous fragments analyzed were an 87 (XS87), a 146 (SM146) and a 77 bp (MS77) sequence (Fig. 7) . Only the SM146 sequence yielded band shifts and nuclear extract from preadipocytes and from cells at different times during differentiation yielded distinct gel shift patterns with this probe. The SM146 sequence was further subdivided by restriction digestion, by PCR and by annealing of complementary synthetic oligonucleotides. Ultimately this led to identification of a protein binding element in a 32 bp sequence contained within SM146. This sequence includes putative binding sites identified by TFSEARCH for Nkx-2, C/EBPβ and HNF3β. In addition, an E box motif (CACTTG) is present (Fig. 8) .
Anti-C/EBP antiserum failed to alter the mobility of nucleoprotein complexes formed between Day -2 nuclear extract and the 32 bp sequence (data not shown). In contrast, a supershift was detected when the analysis was performed with anti-C/EBP antiserum, an authentic C/EBP probe and purified C/EBPβ polypeptide without or with added Day -2 nuclear extract (data not shown). Thus members of the C/EBP family of transcription factors are not responsible for the band shifts observed with probes derived from intron 1. Figure 9 shows a gel shift competition analysis with the wild-type 32 bp sequence as the probe and a series of mutant 32 bp oligonucleotides as competitors. Mutations in the E box or Nkx-2 motifs did not alter the capacity of the sequence to compete with the wild-type probe. Similarly, a mutation that disrupts the stem-loop sequence had no effect on competition. However, mutation of the putative HNF3β binding site eliminated the capacity for competition with the wild-type probe, suggesting that a member of the HNF3 family of transcription factors may participate in nucleoprotein complex formation.
DISCUSSION
Our studies indicate the presence of an adipocyte differentiationresponsive element in the first intron of the GS gene and the absence of such an element in the proximal 2 kb of the 5′-flanking sequence. Only fusion genes that include the 310 bp XbaI-BglII (Fig. 1K ) sequence in either orientation exhibit substantial activity in DMI-treated cells, indicating that sequence K harbors a functional, differentiation-responsive enhancer. [Compare the activities of fusion genes F (antisense orientation) and G (sense), Fig. 4 .] This was further supported by the binding of one or more adipocyte nuclear factors to a 32 bp sequence near the middle of sequence K. Transcription factor consensus binding sites for Nkx-2, C/EBPβ and HNF3β reside in the 32 bp sequence. The presence of a binding site for C/EBPβ, which is involved in adipocyte-specific gene expression, is particularly noteworthy (22) . However, a role for any of the C/EBP isoforms appears to have been excluded by supershift analysis. Gel shift studies using mutant competitor oligonucleotides appear to eliminate Nkx-2 and implicate HNF3β-like proteins in the formation of nucleoprotein complexes with the 32 bp intron 1 sequence. Members of the HNF3 family of transcription factors are known to participate in regulating cell type-specific gene expression during development of liver, lung and kidney. The HNF3 family of transcription factors shares the winged helix DNA binding domain with the homeotic protein forkhead, a transcription factor that regulates development in Drosophila (23).
Fahrner et al. (10) identified a transcriptional regulatory element in the first intron of the rat GS gene. This was achieved by analyzing HepG2 cells transiently transfected with fragments of the first GS intron fused upstream of the HSV tk promoter. The GS sequence from nt +254 to +950 substantially increased reporter gene expression. Intron 1 in both rat and mouse GS genes extends from nt +119 to +3000 (1, 24) . The intronic enhancer described in this report is distinct from that identified by Fahrner et al. Gaunitz (10) et al. (11) found that sequences from the middle of rat GS intron 1, including the homolog of sequence K, moderately activated reporter gene expression in transiently transfected primary rat pericentral and periportal hepatocyte cultures.
Transcriptional regulatory elements have been identified in the introns of other eukaryotic genes, including hypoxanthine phosphoribosyltransferase (HPRT), adenosine deaminase, β-actin, β-keratin and immunoglobulin heavy chain genes (25). The pattern of expression for sequence K-containing fusion genes did not mimic that of the native gene. Fusion gene expression increased promptly then declined at a time when GS activity and mRNA began to increase rapidly. This disparity led us to consider the possibility that intron 1 fusion genes lack sufficient regulatory elements or lack the genomic context required to mimic native gene transcription. To identify additional regulatory elements in the GS gene a distal GS 5′-flanking sequence was analyzed alone and in combination with the 2 kb intron 1 fragment. The far upstream sequence alone lacked enhancer activity. In contrast, the composite fusion gene yielded a pattern of CAT expression closely corresponding to that observed for the native GS gene after withdrawal of differentiation inducers (DMI). Nevertheless, prior to withdrawal of DMI the composite gene exhibited a pattern of expression similar to that of fusion genes that include the intron 1 enhancer, sequence K. Thus the far upstream sequence and the intron 1 enhancer appear to act in concert to control GS gene expression during adipocyte differentiation. Failure of fusion gene O to exactly mimic native gene expression might result from a requirement for the native GS promoter or for additional regulatory elements. Alternatively, fusion gene expression that exactly mimics native gene expression might require the genomic context occupied by the native gene.
In conclusion, we have identified two regulatory sequences in the GS gene that act together to yield the remarkable rise in GS transcription that occurs during adipocyte differentiation. One is precisely localized to a 32 bp sequence in the first intron, while the other is present in a 3 kb far upstream regulatory region. Furthermore, our data indicate that these elements act synergistically to yield a pattern of expression that closely resembles that of the native GS gene. Although interactions between nucleoprotein complexes frequently result in increased gene transcription, such interactions are rarely known to result in a striking alteration in the qualitative pattern of gene expression as is described here. Thus the synergistic interaction between the far upstream GS regulatory region, with no independent activity, and the transcriptionally active intron 1 enhancer may represent a novel mechanism for regulation of gene transcription. Further study of sequences that interact with the intronic element are likely to define the complex mechanisms by which GS gene expression is regulated.
